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Section 1:
Medium Voltage Power Electronics and 

Success Stories in Practice

Utility Case
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Planned HVDC Installations Around the World

Benefits of HVDC Transmission

ÅMore efficient power transfer over long distances

Å Carrying capacity of up to 2 to 5 times that of an AC line

Å Interconnection of two AC systems 

Å Underwater power transfer (distance longer than 50 km)

Å Rapid and accurate power flow control

North America China
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Modular Multilevel Converter Modeling & Control

Transformer 

Arm reactance 

Vdc/2

Vdc/3

 

 

Vdc/6

 

0

 

 

Phase A Phase A Phase A Phase A

Level 7 Level 6 Level 5 Level 4

S1

S1

S2

S2
Vc

Vc

S1 ON
S2 OFF

S1 OFF
S2 ON

Vsm

Vsm

+

-

+

-

Vsm=Vc

Vsm=0

Submodule Operation

6 submodules per 

arm emphasized here 

but 10 submodules 

used in simulation 

work



6

Computer Model Implementation:  System Scaling
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Å Primary objective is to adequately scale the system from hundreds of

submodules to ten submodules per arm.

Å Ratio of the total energy stored and the rated capacity of the converter

should be maintained when converter parameters are scaled.

Full Scale System

Parameters

Solve for Capacitance 

with a Picked N

Å N2 chosen iteratively to ensure that IEEE 519-1992 standard is

satisfied at the wye-side of the HVDC transformer (total THD below

1.5%).
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System Performance and Verification
DC Voltage Reference and Output
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HVDC Model Waveforms:  (a) DC voltage (b) Capacitor Voltage Ripple, 

(c) æ-side AC Voltage  / Y-Side AC Voltage / Reference Signal and (d) Power Flow
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Intense Fault Analysis and Identification



9

Academia Supporting Industry
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Section 2:
Medium Voltage Power Electronics and 

Success Stories in Practice

Motor Drive Case
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MMC Converter Penetration in Motor Drives

In 1994, Pete Hammond of Robicon introduced a new concept in Medium

Voltage Drive technology based on what would be called Cascaded H-

Bridge (CCH).

V Siemens would later introduce this as the GH180 product family.

10 years later in 2003, Rainer Marquardt of Siemens / University of

Munich would introduce a bridge based version of modular cells for High

Voltage DC applications which would be called Modular Multilevel

Converter (M2C).

V Siemens would later introduce this for Large Drive Applications as the

GH150 product family. This technology is just beginning to

penetrate the Large Drives arena (stated in 2019).
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24 Cell Proof of Concept (10MVA / 4160V) from Siemens

From 2019


